
Rec'd : . : 'AR 2002 



j 



P2 1932.S02 PCT li POO 07076 

l> / 

^aA^ / Patent Application: 

\) V X-ray anode and Process for its Manufacture 

Applicant: 

Fraunhofer-Gesellschaft zur Forderung der angewandten Forschung e.V. 
Specification 
Technical Field 

|0001 1 The invention rotates to an x-ray anode and a process for its manufacture. The x-ray 



^ ( anode according to the invention is preferred for use in x-ray units where the highest possible x- 

i * 

i radiation is necessary, tt is particularly preferred for use with x-ray microscopes in which a high 

radiation intensity guarantees the highest resolutions. 

u 

|0002| In x-ray production, metallic anode material is usually impinged on with electrons. 
^ The radiation caused by characteristic electronic transitions exits the apparatus through a window 

transparent for x-rays. In order to avoid absorption, X-ray production results here at low gas 
f • . pressures. The transparent window serves to separate the low pressure area from the outside 

area. 

[0003| Metallic x-ray anodes made of e.g., copper or molybdenum, and a beryllium window- 
in a target angle arrangement are known. There is a certain spacing between the anode and the 
beryllium window here and they are tilted towards one another. If the x-radiation produced is 
used for x-ray microscope purposes, this solution has the disadv antage of the resolution being 
only quite small because of the unavoidable ray divergence between the anode and the object to 
be imaged. Beryllium is also highly toxic and should therefore be av oided as far as possible as 
a window material. 

[0004] As an alternative to beryllium windows as x-ray exit windows for x-ray units, US 
5.173,612 suuuests usiim a diamond window a few 10 ^m thick. However, since thicker 
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area and have to be stabilized by appropriate crosspieces at considerable cost. 
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[0005| Also known arc so-called microfocus sources, w here the anode material forms a layer 
on a beryllium window and where the anode is bombarded by an electron beam as strongly 
focussed as possible. In the case of these microfocus sources, the anode moves closer to the 
object in optical imaging and the optical resolution can be increased. The more sharply the 
electron beam bombarding the anode is focussed on the anode, the better the resolution. 
Disregarding diffractions, a spot focus on the anode would be ideal. However, w ith a spot focus 
the problem arises that the energy generated by the electron bombardment causes the material to 
melt or evaporate, thus reducing its operating life. A thicker anode must be selected to 
compensate for the ev aporation of anode material. However, a thick anode results in the x- 
radiation being absorbed by the anode material itself. The use of a thicker beryllium window is 
ruled out for the same reason. Moreover, this solution has the considerable disadvantage that 
mechanical problems can occur due to the existing pressure differentials, and the microfocus 
source can easily burst. However, this is particularly harmful in the case of toxic beryllium, 
where a rupture of the microfocus source leads to undesirable apparatus down-time because of 
the safety measures for staff protection then required. For these reasons according to prior art 
spot focussing is possible only to a limited extent. 

Beseuption of the Invcrrt+o^ 

[0006] The invention is based on the technical problem of producing an x-ray anode that 
avoids the disadvantages of the prior art as far as possible. The x-ray anode needs to be harmless 
from a health viewpoint and. in particular, should make it possible to work with a much smaller 
focus than with the prior art. 

[00()7| The solution of this technical problem is achieved through the features listed in claim 
1 . The process-related task of producing Such an x-ray anode is solved by the features of claim 
16. Advantageous embodiments are provided in the dependent claims. 

|0008| According to the invention it was recognized that the problems could be solved by an 

v-r:iv -inMflr when* i.h.c anode material on a diamond window 



therefore he expected that the diamond window* u*ed would ha\e to be thinner than beryllium 
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windows, entailing the above-mentioned mechanical problems. Moreover, up until now , only 
beryllium was considered as a window material, since beryllium is a tollable metal from which 
it is easy to make beryllium windows. According to the prior art, this window serves as a 
substrate for a metal anode to be applied. 

[0010] However, it has been possible to prove with experiments that these disadvantages 
could be overcompensated by a diamond substrate. Contrary to expectations, it is possible to 
work with a much smaller focus with an x-ray anode on a diamond w indow than it is with an x- 
ray anode on a beryllium window. The reason for the overcompensation is that diamond is an 
excellent heat conductor, so the thermal energy produced can be dissipated with particular 
efficiency through the diamond substrate. The focal spot therefore heats up less and it is possible 
to increase the focus. This leads, as desired, to greater radiation densities. Conversely, 
exchanging a diamond window for the beryllium window with the same beam density and 
operating life renders possible a thinner anode with lower absorption of x-radiation. 
[0011] It has been shown that even relatively thick diamond layers can be used 
advantageously with very thin anodes. In this context, diamond windows are also suitable with 
thicknesses of between 50^m and 1000/um, or still better between 300 /urn and 700/^m. With 
such thicknesses, an efficient removal of heat and a good mechanical stability is guaranteed. 
[0012] According to the present invention, a polycrystalline diamond substrate or diamond 
window can be used, as well as a monocrystal window. A polycrystalline diamond substrate can 
be produced particularly simply by means of chemical vapor deposition (CVD), e.g., by hot- 
filament CVD or microwave CVD. This also makes it possible to produce larger diamond 
substrates at moderate prices. The deposition of the anode material takes place through a 
different deposition process, e.g.. physical vapor deposition (PYD). 

1 00 1 3 1 Basically, metals, several layers of metal, or metal alloys can be considered as anode 
material. The thickness of the anode material should preferably be in the range of between l uin 
and 25 /urn, ev en better in the range of between 3 ^m and 12 ^m, and best of all at 6 ^m. 
1 0014| The layers do not need to feature constant thicknesses. This means that, e.g., in the 
«>f •! disk -slviprd mirmfn.Mw source the di<k tlnVkness does not need to be uniform The 
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|0015| In order to ensure that there is always sufficient anode material on the diamond, and 
that it has not evaporated after a certain number of hours in operation, a temperature sensor can 
be provided for the x-ray anode according to the invention. A creative possibility here is using 
the diamond window as a thermistor, i.e., exploiting the temperature dependence of the electrical 
resistance of the diamond w indow. After the appropriate calibration, the user has only to set the 
optimal operating point regarding the desired radiation intensity with a minimal evaporation rate. 
This makes it easier to avoid thermally-conditioned damage to the x-ray anode according to the 
invention. Even in the event that part of the anode material has evaporated after a certain number 
of hours in operation, the diamond w indow , as an uncommonly thermally stable material, w ill 
usually be completely intact. In this case, the remaining anode material can be chemically 
removed and the diamond window can be recoated in the course of maintenance work. Choosing 
diamond as a window material thus renders possible a cost-efficient ov erhaul of the x-ray anode 
according to the invention, while simultaneously reusing the diamond window. 
[0016| In its simplest embodiment, the anode material is found holohedrally on the diamond 
substrate. Depending on the special features of production or of the planned use for the 
microfocus source, however, it can be sufficient for only part of the diamond layer to be covered 
by the anode material. Depending on the adhesion of the anode material to the diamond 
substrate, it can be sufficient to apply the anode material directly on the diamond layer. 
However, in the case of poor adhesion, an adhesion-promoting intermediate layer can be 
advantageous. An intermediate layer can likewise be advantageous when as far as possible 
monochromatic radiation needs to be emitted from the x-ray anode. In this case, the 
intermediate layer acts as a radiation filter and or a monochromator. 

[0017] Tests have further shown that, w ith the same radiation output, temperature-sensitive 
samples can be better examined with the x-ray anode according to the invention than with the 
comparison anode with a beryllium window. Due to the excellent thermal conduction of 
diamond, the temperatures on the side facing the atmospheric area are lower, which makes it 
possible to place the samples closer to the w indow . This in turn results in a better optical 
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1 00 19 1 A pol\ crystalline diamond la> er ( 1 > w nh a thickness of 2 5" m is deposited on an 
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auxiliary substrate using hot-filament CVD. After removing the auxiliary substrate, a tungsten 

layer (2) with a thickness of 6 um is deposited on this diamond layer using physical vapor 

i 

deposition (PVD). The tungsten layer covers the diamond layer completely. The x-ray source 
is mounted in the housing (4) of a commercial x-ray microscope by means of a clamp (3), with 
sealing washers (4) being used to ensure a stable vacuum. The only Fig. 1 shows this microfocus 
source in installed condition. X-radiation hv is produced by localized bombardment of the x-ray 
anode with electrons e . The maximum achievable radiation density is measured with this x-ray 
anode. If the diamond layer is replaced with a 500 thick beryllium layer under otherwise 
identical conditions, the radiation density of the x-radiation produced is reduced by a factor of 
4. With a diamond layer thickness of likewise 500 ^m, the radiation density achievable with the 
x-ray anode according to the invention would be even better, due to the improved heat 
dissipation. j 



